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1
ELECTRIC ACTUATOR

CROSS REFERENCE TO RELATED
APPLICATION

This application is based on reference Japanese Patent
Application No. 2013-88477 filed on Apr. 19, 2013, the dis-
closure of which is incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to an electric actuator. For
example, the present disclosure may relate to a worm-gear
type electric actuator configured to decelerate an output of an
electric motor by using a worm gear and to output a torque of
the electric motor.

BACKGROUND

Conventionally, an electric actuator may have a configura-
tion including a worm gear, which is equipped directly to an
output shaft of a motor to reduce its size. In the configuration,
in which a worm gear is directly equipped to an output shaft
of a motor, a thrust load is transmitted from a worm wheel.
Thus, the thrust load is directly transmitted to the output shaft.
Therefore, the output shaft is intensely urged with the thrust
load in the axial direction. Therefore, the output shaft and the
worm gear may be moved with the thrust load in the axial
direction. In consideration of the present state, an additional
configuration is needed to regulate movement of the output
shaft and the worm gear.

For example, Patent Document 1 discloses a configuration
in which a collar-shaped thrust support portion is equipped to
a worm gear. The thrust support portion is greater than a
thread of the worm gear in diameter. The thrust support por-
tion is equipped with first and second thrust bearings on both
sides in the axial direction to regulate movement of the output
shaft and the worm gear. It is noted that, the configuration of
the Patent Document 1 needs a special worm gear including
the thrust support portion, in addition to the first and second
thrust bearings. Accordingly, the configuration of Patent
Document 1 may incur additional cost.

Alternatively, another configuration is conceivable in
which, as shown in FIG. 4, a worm gear unit 101 is regulated
from moving in the axial direction of to an other side. Spe-
cifically, the configuration of FIG. 4 enables a worm gear unit
101 to make contact with a bearing 103 of a motor 102 in the
axial direction, thereby to regulate movement of the worm
gear unit 101 toward the other side in the axial direction. It is
noted that, movement of the worm gear unit 101 to the one
side in the axial direction may be regulated with, for example,
a regulating member 104. The regulating member 104 is a
separate component from an electric actuator 100 and is fixed
to the one side of the worm gear unit 101 in the axial direction.

It is noted that, in the configuration, the worm gear unit 101
makes contact with the bearing 103 to move the bearing 103
toward an armature coil 105. Consequently, a thrust clearance
between the bearing 103 and the armature coil 105 may be
eliminated to lock rotation of the motor 102. In consideration
of this, it is further conceivable to provide a bearing retainer
configuration, which retains the bearing 103 around the arma-
ture coil 105 in order not to enable the bearing 103 to move
toward the armature coil 105. The bearing retainer configu-
ration may be provided by, for example, crimping the yoke
106 and/or welding a separate component on the yoke 106. It
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2

is further noted that, the additional bearing retainer configu-
ration may also incur additional cost.

Patent Document 1

Publication of Unexamined Japanese Patent Application
2011-109862

SUMMARY

It is an object of the present disclosure to produce a worm-
gear type electric actuator including a configuration to regu-
late movement of a worm gear in the axial direction when
making contact with a bearing of a motor and a retainer
configuration for the bearing at low cost.

According to an aspect of the present disclosure, an electric
actuator comprises a motor rotation unit integrated with an
output shaft of an electric motor to form a rotor of the electric
motor. The electric actuator further comprises a worm gear
unit fitted to a first portion of the output shaft, the first portion
being projected from the motor rotation unit to one side in an
axial direction. The worm gear unit is configured to receive
thrust load from a worm wheel in an axial direction. The
electric actuator further comprises a bearing located between
the motor rotation unit and the worm gear unit in the axial
direction and configured to support the output shaft rotatably.
The bearing is further configured to make contact with the
worm gear unit when the worm gear unit is applied with thrust
load transmitted to the worm gear unit to move to an other side
in the axial direction. The electric actuator further comprises
a yoke having a bottom portion, the bottom portion surround-
ing the motor rotation unit on the one side in the axial direc-
tion and having a shaft hole through which the output shaft
passes. The electric actuator further comprises an axial hol-
low being a dent formed by press working in the bottom
portion to be coaxial with the shaft hole and to open on the one
side in the axial direction. The axial hollow is press-fitted with
the bearing to accommodate the bearing. The electric actuator
further comprises a projected piece being a part of the yoke
and formed by the press working simultaneously with the
axial hollow. The projected piece is projected inward in a
radial direction toward the axial hollow to define an inner
circumferential periphery of the shaft hole. The projected
piece is located between the motor rotation unit and the bear-
ing in the axial direction.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will become more apparent from the fol-
lowing detailed description made with reference to the
accompanying drawings. In the drawings:

FIG. 11is apartial sectional view showing an electric actua-
tor according to a first embodiment;

FIGS. 2A to 2C show a press working process to form an
axial hollow and a projected piece according to the first
embodiment;

FIG. 3 is a partial sectional view showing an electric actua-
tor according to a second embodiment; and

FIG. 4 is a partial sectional view showing an electric actua-
tor according to a prior art.
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DETAILED DESCRIPTION

As follows, an electric actuator according to embodiments
will be described.

Embodiments
Configuration of First Embodiment

A configuration of an electric actuator (actuator device) 1
according to a first embodiment will be described with refer-
ence to FIG. 1. The actuator device 1 causes a worm gear 3 to
decelerate output of an electric motor 2 and to transmit a
torque generated by the electric motor 2. The actuator device
1 includes a motor rotation unit 4, a worm gear unit 5, a
bearing 6, a yoke 7, an axial hollow 8, and a projected piece 9.

The motor rotation unit 4 is integrated with an output shaft
11 of the electric motor 2 and functions as a rotor 12 of the
electric motor 2. The electric motor 2 is, for example, a
small-sized direct-current motor. The electric motor 2
includes an armature coil 13, magnetic poles 14, and a com-
mutator 15. The armature coil 13 is supplied with electricity
through a brush (not shown). The rotor 12 is configured with
the output shaft 11, the armature coil 13, the commutator 15,
and the like. The motor rotation unit 4 is configured with the
armature coil 13 and the commutator 15.

The worm gear 3 is configured with the worm gear unit 5
and a worm wheel (not shown). The worm gear unit 5 is fitted
to a portion of the output shaft 11, which is projected from the
motor rotation unit 4 toward one side in the axial direction.
The worm gear unit 5 is applied with a thrust load from the
worm wheel in the axial direction.

The bearing 6 is located between the motor rotation unit 4
and the worm gear unit 5 in the axial direction. The bearing 6
is located on the one side of the motor rotation unit 4 in the
axial direction to support the output shaft 11 rotatably. In
consideration of a manufacturing cost, for example, an
impregnated bearing may be employed as the bearing 6. The
worm gear unit 5 is applied with the thrust load to move
toward the other side in the axial direction. Thus, the worm
gear unit 5 makes contact with the bearing 6.

The output shaft 11 is projected from the motor rotation
unit 4 further toward the other side in the axial direction. The
output shaft 11 has a portion projected toward the other side
in the axial direction, and the portion of the output shaft 11 is
equipped with a bearing 6a. Thus, the output shaft 11 is
supported rotatably on both the one side of the motor rotation
unit 4 and the other side of the motor rotation unit 4 in the
axial direction. In consideration of a manufacturing cost, for
example, an impregnated bearing may be employed as the
bearing 6a. A spacer 16 is located between the bearing 6 and
the armature coil 13. The spacer 16 is configured to adjust an
overlap between the armature coil 13 and the magnetic poles
14 in the axial direction. The spacer 16 is one component of
the rotor 12 and is include in the motor rotation unit 4.

The yoke 7 forms an outer shell of the electric motor 2. The
yoke 7 includes a lateral side 18 and a bottom portion 19. The
lateral side 18 is in a tubular shape and surrounds the outer
circumferential periphery of the motor rotation unit 4. The
bottom portion 19 is located on the one side of the motor
rotation unit 4 in the axial direction to surround the one side
of the motor rotation unit 4. The lateral side 18 has an inner
circumferential periphery equipped with permanent magnets,
which function as the magnetic poles 14. The motor rotation
unit 4 is surrounded with an end bell 20 on the other side in the
axial direction. The bottom portion 19 and the end bell 20
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have shaft holes 21 and 214, respectively. The output shaft 11
passes through the shaft holes 21 and 21a.

The axial hollow 8 is a dent formed in the bottom portion
19. The axial hollow 8 is formed by press working to be
coaxial with the shaft hole 21. The axial hollow 8 is dented
toward the other side in the axial direction and is opened on
the one side in the axial direction. The bearing 6 is press-fitted
into the axial hollow 8. One end of the bearing 6 in the axial
direction is projected from the axial hollow 8 toward the one
side in the axial direction. The end bell 20 has a hollow 8a
similarly to the bottom portion 19. The bearing 64 is press-
fitted in the hollow 8a.

The projected piece 9 is a part of the yoke 7. The projected
piece 9 is formed simultaneously with the yoke 7 in the press
working to form the axial hollow 8. The projected piece 9 is
projected inward in the radial direction toward the axial hol-
low 8 to form an inner circumferential periphery end of the
shaft hole 21. The projected piece 9 is located between the
motor rotation unit 4 and the bearing 6 in the axial direction.
As follows, one example of a process to form the projected
piece 9 will be described with reference to FIGS. 2A to 2B.
FIG. 2A shows a material of the yoke 7 before the press
working is conducted to from the yoke 7. FIG. 2B shows the
axial hollow 8 and the projected piece 9 formed by the press
working and before being removed from dies 25A and 25B.
FIG. 2C shows the axial hollow 8 and the projected piece 9
after being removed from the dies 25A and 25B.

As shown in FIG. 2A, the material of the yoke 7 before the
press working includes a material portion 22. The material
portion 22 forms the bottom portion 19 after the press work-
ing. The material portion 22 has a small diameter hole 23,
which is significantly smaller than the shaft hole 21 in radius.
As shown in FIG. 2B, the press working is implemented on
the material portion 22 to form the axial hollow 8 and the
projected piece 9. As shown in FIGS. 2A, 2B, and 2C, the
press working is implemented by using the dies 25A and 25B.
Specifically, the dies 25A and 25B have a recess 24A and a
protrusion 24B, respectively. The hole 23 is pressed between
the recess 24A and the protrusion 24B to form the axial
hollow 8 and the projected piece 9 to be coaxial with each
other.

The projected piece 9 forms a bearing retainer structure to
retain the bearing 6 on the side of motor rotation unit 4. The
projected piece 9 retains the bearing 6 on the other side in the
axial direction. In the present configuration, when the worm
gear unit 5 is applied with a thrust load to move toward the
other side in the axial direction and when the worm gear unit
5 makes contact with the bearing 6 accordingly, the projected
piece 9 retains the bearing 6. Thus, the projected piece 9
regulates movement of the bearing 6 to the other side in the
axial direction. Movement of the worm gear unit 5 to the one
side in the axial direction may be regulated with, for example,
a regulating member 27. The regulating member 27 is a
separate component from the actuator device 1 and is located
and fixed on the one side of the worm gear unit 5 in the axial
direction.

Operation Effect of First Embodiment

The actuator device 1 according to the first embodiment
forms the bearing retainer structure mainly with the axial
hollow 8 and the projected piece 9. The axial hollow 8 is a
dent formed in the bottom portion 19. The axial hollow 8
accommodates the bearing 6, which is press-fitted into the
axial hollow 8. The axial hollow 8 is formed by press working
to be coaxial with the shaft hole 21. The axial hollow 8 opens
on the one side in the axial direction. The projected piece 9 is
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a part of the yoke 7. The projected piece 9 is formed simul-
taneously with the yoke 7 in the press working to form the
axial hollow 8. The projected piece 9 is projected inward in
the radial direction toward the axial hollow 8 to form the inner
circumferential periphery end of the shaft hole 21. The pro-
jected piece 9 is located between the motor rotation unit 4 and
the bearing 6 in the axial direction.

With the present configuration, the axial hollow 8 and the
projected piece 9 can be formed by press working to be core
components of the bearing retainer structure. In this way, the
bearing retainer structure can be provided in the actuator
device 1 without increase in manufacturing cost. It is noted
that, in a case where an impregnated bearing is employed as
the bearing 6, the output shaft 11 is easily slidable relative to
the bearing 6. Therefore, in this case, when the worm gear unit
5 makes contact with the bearing 6, the worm gear unit 5 tends
to exert large force onto the bearing 6. Thus, the operation
effect produced by forming the bearing retainer structure at
low cost may be significant in a case where an impregnated
bearing is employed as the bearing 6.

Furthermore, in a case where an impregnated bearing is
employed as the bearing 6a and where the bearing retainer
structure is not equipped, the commutator 15 may make con-
tact with the bearing 64, and oil may adhere onto the com-
mutator 15. Consequently, the oil may cause short circuit. To
the contrary, according to the present disclosure, the bearing
retainer structure is provided to include the projected piece 9
as a core component, thereby to regulate movement of the
bearing 6 and the rotor 12 steadily. In this way, the commu-
tator 15 is restricted from making contact with the bearing 6a.
Thus, occurrence of short circuit can be avoided at low cost.

According to the present disclosure, the end of the bearing
6 on the one side in the axial direction is projected from the
axial hollow 8 toward the one side in the axial direction. The
present configuration facilitates adjustment of the distance
between the worm gear unit 5 and the bearing 6 in the axial
direction. Therefore, in consideration of movement of the
worm gear unit 5 toward the other side in the axial direction
due to application of the thrust load, the distance between the
worm gear unit 5 and the bearing 6 in the axial direction can
be adjusted with high accuracy.

Second Embodiment

As shown in FIG. 3, the actuator device 1 according to the
second embodiment includes an enlarged piece 29 and a
contacted portion 30. The enlarged piece 29 is equipped to a
portion of the output shaft 11, which is projected from the
motor rotation unit 4 to the other side in the axial direction.
The enlarged piece 29 is enlarged in the radial direction. The
enlarged piece 29 is integrated with the output shaft 11 by, for
example, welding or the like.

The contacted portion 30 is stationary relative to the yoke
7. When the thrust load is transmitted to the worm gear unit 5,
the output shaft 11 may move toward the one side in the axial
direction accordingly. Consequently, the enlarged piece 29
may make contact with the contacted portion 30. In the actua-
tor device 1 according to the second embodiment, the con-
tacted portion 30 may function as the bearing 6a. In the end
bell 20 according to the second embodiment, the hollow 8a is
dented toward the one side in the axial direction and opened
on the other side in the axial direction. The bearing 6a is
press-fitted in the hollow 8a. The end of the bearing 6a on the
other side in the axial direction is projected from the hollow
8a to the other side in the axial direction.

In the present configuration, the bearing 6a functions as the
contacted portion 30. In addition, the enlarged piece 29 makes
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contact with the end of the bearing 6a on the other side in the
axial direction, thereby to regulate movement of the output
shaft 11 toward the one side in the axial direction. The present
configuration enables to regulate movement of the worm gear
unit 5 and the output shaft 11 toward the one side in the axial
direction due to application of the thrust load, without the
regulating member 27 (FIG. 1), which is the separate com-
ponent from the actuator device 1. Consequently, the present
configuration according to the second embodiment enables to
regulate movement of the output shaft 11 and the worm gear
unit 5 at lower cost and with a small space.

(Modification)

The actuator device 1 is not limited to the above-described
embodiments and may employ various modifications. For
example, in the actuator device 1 according to the embodi-
ments, the electric motor 2 is a small-sized direct-current
brushed motor. It is noted that, the electric motor 2 may
employ another kind of motor such as a small-sized direct-
current brushless motor. In the above embodiments, an
impregnated bearing is employed as the bearing 6 in consid-
eration of a manufacturing cost. It is noted that, a bearing
other than an impregnated bearing may be employed the
bearing 6.

As described above, the electric actuator includes the
motor rotation unit, the worm gear unit, the bearing, the yoke,
the axial hollow, and the projected piece. The motor rotation
unit is integrated with the output shaft of the electric motor to
form the rotor of the electric motor. The worm gear unit is
fitted to the portion of the output shaft, which is projected
from the motor rotation unit to the one side in the axial
direction. The worm gear unit receives a thrust load from the
worm wheel in the axial direction. The bearing is located
between the motor rotation unit and the worm gear unit in the
axial direction. The bearing supports the output shaft rotat-
ably. The bearing is contacted with the worm gear unit when
the worm gear unit moves to the other side in the axial direc-
tion due to application of the thrust load transmitted to the
worm gear unit.

The yoke includes the bottom portion, which surrounds the
motor rotation unit at the one side in the axial direction. The
bottom portion has the shaft hole through which the output
shaft passes. The axial hollow is the hollow (dent) formed in
the bottom portion. The axial hollow is configured to receive
the bearing, which is accommodated in the axial hollow by
press-fitting. The axial hollow is formed by press working to
be coaxial with the shaft hole. The axial hollow opens to the
one side in the axial direction. The projected piece is a part of
the yoke. The projected piece is formed simultaneously with
the axial hollow in the press working, which is to form the
axial hollow. The projected piece is projected toward the inner
circumferential periphery of the axial hollow. The projected
piece defines the inner circumferential periphery of the shaft
hole. The projected piece is located between the motor rota-
tion unit and the bearing in the axial direction.

The present configuration forms the bearing retainer struc-
ture, in which the projected piece retains the bearing on the
side of the motor rotation unit. In addition, the axial hollow
and the projected piece can be formed as the core component
of the bearing retainer structure by the press working. There-
fore, the bearing retainer structure can be produced without a
large increase in manufacturing cost. In this way, without
large increase in manufacturing cost, the bearing retainer
structure can be equipped to the worm-gear type electric
actuator, in which the worm gear unit makes contact with the
bearing of the motor to regulate movement of the worm gear
unit in the axial direction.
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The bearing has the one end in the axial direction, and the
one end of the baring is projected from the axial hollow to the
one side in the axial direction. The present configuration
facilitates adjustment of the distance between the worm gear
unit and the bearing in the axial direction. Therefore, in con-
sideration of movement of the worm gear unit toward the
other side in the axial direction due to application of the thrust
load, the distance between the worm gear unit and the bearing
in the axial direction can be adjusted with high accuracy.

According to the second embodiment, the output shaft is
projected from the motor rotation unit to the other side in the
axial direction. In addition, the electric actuator includes the
enlarged piece and the contacted portion. The enlarged piece
is equipped to the portion of the output shaft, which is pro-

jected from the motor rotation unit to the other side in the 15

axial direction. The enlarged piece is enlarged in the radial
direction. The contacted portion is stationary relative to the
yoke. The enlarged piece makes contact with the contacted
portion when the output shaft moves toward the one side in
the axial direction due to transmission of the thrust load to the
worm gear unit.

The present configuration enables to impose regulation on
movement of the worm gear unit and the output shaft to the
one side in the axial direction due to transmission of the thrust
load, without an additional component to the electric actuator.
Consequently, the present configuration enables to regulate
movement of the output shaft and the worm gear unit at lower
cost and with a small space.

It should be appreciated that while the processes of the
embodiments of the present disclosure have been described
herein as including a specific sequence of steps, further alter-
native embodiments including various other sequences of
these steps and/or additional steps not disclosed herein are
intended to be within the steps of the present disclosure.

While the present disclosure has been described with ref-
erence to preferred embodiments thereof, it is to be under-
stood that the disclosure is not limited to the preferred
embodiments and constructions. The present disclosure is
intended to cover various modification and equivalent
arrangements. In addition, while the various combinations
and configurations, which are preferred, other combinations
and configurations, including more, less or only a single
element, are also within the spirit and scope of the present
disclosure.

What is claimed is:

1. An electric actuator comprising:

a motor rotation unit integrated with an output shaft of an

electric motor to form a rotor of the electric motor;

a worm gear unit fitted to a first portion of the output shaft,
the first portion being projected from the motor rotation
unit to one side in an axial direction, the worm gear unit
configured to receive thrust load from a worm wheel in
the axial direction;

a bearing located between the motor rotation unit and the
worm gear unit in the axial direction and configured to
support the output shaft rotatably, the bearing further
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configured to, when the worm gear unit receives the
thrust load and thereby is moved toward an other side in
the axial direction, collide with the worm gear unit to
restrict the worm gear unit from moving toward the other
side in the axial direction;

a yoke having a bottom portion, the bottom portion sur-
rounding the motor rotation unit on the one side in the
axial direction and having a shaft hole through which the
output shaft passes;

anaxial hollow being a dent formed by press working in the
bottom portion to be coaxial with the shaft hole and to
open on the one side in the axial direction, the axial
hollow press-fitted with the bearing to accommodate the
bearing; and

aprojected piece being a part of the yoke and formed by the
press working simultaneously with the axial hollow, the
projected piece projected toward the output shaft to
define an inner circumferential periphery of the shaft
hole, the projected piece being located between the
motor rotation unit and the bearing in the axial direction.

2. The electric actuator according to claim 1, wherein the

bearing has one end in the axial direction, the one end being
projected from the axial hollow to the one side in the axial
direction.

3. The electric actuator according to claim 1, wherein

the output shaft is projected from the motor rotation unit to
the other side in the axial direction,

the electric actuator further comprising:

an enlarged piece equipped to a second portion of the
output shaft, the second portion being projected from the
motor rotation unit to the other side in the axial direction,
the enlarged piece being enlarged in the radial direction;
and

a contacted portion being stationary relative to the yoke,
the contacted portion configured to, when the worm gear
unit receives the thrust load and applies the thrust load to
the output shaft to move the output shaft toward the other
side in the axial direction, collide with the enlarged
piece.

4. The electric actuator according to claim 1, wherein

the worm gear unit includes a worm gear unit surface
facing the other side in the axial direction,

the bearing includes a bearing surface facing the one side in
the axial direction, and

the worm gear unit surface collides with the bearing sur-
face when the worm gear unit is moved toward the other
side in the axial direction.

5. The electric actuator according to claim 1, wherein

a thrust clearance is defined between the bearing and the
motor rotation unit, and

when the worm gear unit collides with the bearing, the
projected piece is configured to maintain the thrust
clearance between the bearing and the motor rotation
unit.



